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1.This document has been translated by computer. So the translation may not reflect the original precisely.
2. ¥**%* shows the word which can not be translated.
3.In the drawings, any words are not translated.

CLAIMS

[Claim(s)]

[Claim 1] Magnetic-recording data medium characterized by being what characterized by providing the following A soft
magnetism substrate film which consists of soft magnetic materials at least on a nonmagnetic substrate An orientation
control film which controls the stacking tendency of a film right above A perpendicular magnetic film in which an easy
axis mainly carried out orientation perpendicularly to a substrate A protective coat is prepared and a substrate film
within a field and a hard magnetism film within a field which an easy axis mainly turned to at field inboard are formed
between a nonmagnetic substrate and a soft magnetism substrate film. A substrate film within a field Consisting of Cr or
a Cr alloy, a hard magnetism film within a field is a CoCrPtX system alloy (one sort or two sorts or more as which X is
chosen from from among B, Ta, Cu, Zr, Nb, Re, nickel, Mn, germanium, Si, O, and N).

[Claim 2] Magnetic-recording data medium according to claim 1 characterized by a magnetization recovery factor of a
soft magnetism substrate film being 0.85 or more.

[Claim 3] Magnetic-recording data medium according to claim 1 or 2 characterized by coercive force square shape ratio
S* of a hard magnetism film within a field being 0.6 or more.

[Claim 4] Coercive force He of a hard magnetism film within a field is magnetic-recording data medium given in any 1
term among claims 1-3 characterized by for saturation magnetization Ms being under 600 (memu/cm3) more than 200
(memu/cm3) more than 1000 (Oe), and thickness being 10nm or more and less than 100nm.

[Claim 5] It is magnetic-recording data medium given in any 1 term among claims 1-4 characterized by thickness of a
soft magnetism substrate film being 50-200nm.

[Claim 6] A manufacture method of magnetic-recording data medium which forms a soft magnetism substrate film
which is characterized by providing the following, and which consists of soft magnetic materials at least on a
nonmagnetic substrate, an orientation control film which controls the stacking tendency of a film right above, a
perpendicular magnetic film in which an easy axis mainly carried out orientation perpendicularly to a substrate, and a
protective coat Between a nonmagnetic substrate and a soft magnetism substrate film, it is a substrate film within a field.
An easy axis shall carry out sequential formation of the hard magnetism film within a field which mainly turned to field
inboard, and shall consist a substrate film within a field of Cr or a Cr alloy, and it is a CoCrPtX system alloy (one sort or
two sorts or more as which X is chosen from from among B, Ta, Cu, Zr, Nb, Re, nickel, Mn, germanium, Si, O, and N)
about a hard magnetism film within a field.

[Claim 7] Magnetic-recording data medium The magnetic head which carries out record playback of the information at
this magnetic-recording data medium It is the magnetic recorder and reproducing device equipped with the above.
Magnetic-recording data medium A soft magnetism substrate film which consists of soft magnetic materials at least on a
nonmagnetic substrate, and an orientation control film which controls the stacking tendency of a film right above, A
perpendicular magnetic film in which an easy axis mainly carried out orientation perpendicularly to a substrate, and a
protective coat are prepared. Between a nonmagnetic substrate and a soft magnetism substrate film A substrate film
within a field and a hard magnetism film within a field with which an easy axis mainly turned to field inboard are
formed. A substrate film within a field It consists of Cr or a Cr alloy, and a hard magnetism film within a field is
characterized by being a thing containing a CoCrPtX system alloy (one sort or two sorts or more as which X is chosen
from from among B, Ta, Cu, Zr, Nb, Re, nickel, Mn, germanium, Si, O, and N).

[Translation done.]
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DETAILED DESCRIPTION

[Detailed Description of the Invention]

[0001]

[The technical field to which invention belongs] This invention relates to magnetic-recording data medium, its
manufacture method, and the magnetic recorder and reproducing device that used this magnetic-recording data medium.

[0002]

[Description of the Prior Art] Vertical-magnetic-recording data medium in which the easy axis in a magnetic film
mainly carried out orientation perpendicularly to the substrate has the small effect of an anti-magnetic field in a bit
boundary, even when high recording density is formed, and since a record magnetic domain with a clear boundary is
formed, it attracts big attention from the ability of a heat fluctuation property and noise figure to be raised. In recent
years, the soft magnetism substrate film (the so-called backing layer) which consists of soft magnetic materials is
prepared between a substrate and a perpendicular magnetic film, and magnetic-recording data medium which raised the
effectiveness of receipts and payments of the magnetic flux between the magnetic head and magnetic-recording data
medium is proposed. Since coercive force is small and the magnetization direction tends to change, a soft magnetism
substrate film forms a huge magnetic domain. The magnetic domain wall which is the boundary of this magnetic
domain may cause spike noise generating. For this reason, preparing the hard magnetism film which consists of a hard
magnetic material between a substrate and a soft magnetism substrate film, turning the magnetization direction of a soft
magnetism substrate film to the substrate radial compulsorily, and preventing spike noise generating by formation of the
above-mentioned magnetic domain by the magnetic switched connection of this hard magnetism film and a soft
magnetism substrate film, is examined. There are some which were indicated by JP,5-277687,A as magnetic-recording
data medium which prepared this hard magnetism film. The permanent magnet film within a field with which magnetic-
recording data medium indicated by this official report becomes the bottom of a soft magnetism substrate film from a
SmCo alloy or CoCrTa is prepared. As for the thickness of a soft magnetism substrate film, 25-200nm is illustrated. By
this magnetic-recording data medium, this permanent magnet film within a field can protect the above-mentioned noise
generating.

[0003]

[Problem(s) to be Solved by the Invention] In manufacture of magnetic-recording data medium, a spatter is usually used
for membrane formation. Since membrane formation speed is low compared with other membrane formation methods, a
spatter is the way productive efficiency tends to become low. Although improvement in productive efficiency could be
aimed at by forming a soft magnetism substrate film thinly by above-mentioned conventional magnetic-recording data
medium, there was a problem on which the noise figure of obtained magnetic-recording data medium deteriorates in that
case by the noise from the permanent magnet film within a field prepared in the bottom of a soft magnetism substrate
film. This invention aims at offering magnetic-recording data medium which can raise productive efficiency, its
manufacture method, and a magnetic recorder and reproducing device, without having been made in view of the above-
mentioned situation, and degrading noise figure.

[0004] o ,

[Means for Solving the Problem] It completed this invention for it being the cause that a noise to which it originates in a
hard magnetism film that a problem of noise figure deterioration at the time of forming a soft magnetism substrate film
thinly depends this invention person on a noise which produces a hard magnetism film as a cause, and noise figure
deteriorates by thin film-ization of a soft magnetism substrate film since distance of the magnetic head and a hard
magnetism film becomes small at the time of record playback increases based on a header and this knowledge. As for
magnetic-recording data medium of this invention, a substrate film within a field and a hard magnetism film within a

http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje A ' 3/3/2004



Page2 of 13

field with which an easy axis mainly turned to field inboard are formed between a nonmagnetic substrate and a soft
magnetism substrate film. Namely, a substrate film within a field It consists of Cr or a Cr alloy, and a hard magnetism
film within a field is characterized by being a thing containing a CoCrPtX system alloy (one sort or two sorts or more as
which X is chosen from from among B, Ta, Cu, Zr, Nb, Re, nickel, Mn, germanium, Si, O, and N). As for a
magnetization recovery factor of a soft magnetism substrate film, carrying out to 0.85 or more is desirable. As for
coercive force square shape ratio S* of a hard magnetism film within a field, it is desirable that it is 0.6 or more. It is
desirable that saturation magnetization Ms is [ the coercive force Hc of a hard magnetism film within a field ] under 600
(memu/cm3) more than 200 (memu/cm3) more than 1000 (Oe), and thickness is 10nm or more and less than 100nm by
magnetic-recording data medium of this invention. As for thickness of a soft magnetism substrate film, it is desirable to
be referred to as 50-200nm. A manufacture method of magnetic-recording data medium of this invention between a
nonmagnetic substrate and a soft magnetism substrate film Prepare a substrate film within a field and a hard magnetism
film within a field with which an easy axis was mainly suitable on it at field inboard is prepared. A substrate film within
a field shall be consisted of Cr or a Cr alloy, and it is characterized by including a CoCrPtX system alloy (one sort or
two sorts or more as which X is chosen from from among B, Ta, Cu, Zr, Nb, Re, nickel, Mn, germanium, Si, O, and N)
for a hard magnetism film within a field. A magnetic recorder and reproducing device of this invention equips magnetic-
recording data medium and this magnetic-recording data medium with the magnetic head which carries out record
playback of the information. Magnetic-recording data medium between a nonmagnetic substrate and a soft magnetism
substrate film A substrate film within a field and a hard magnetism film within a field with which an easy axis mainly
turned to field inboard are formed. A substrate film within a field It consists of Cr or a Cr alloy, and a hard magnetism
film within a field is characterized by being a thing containing a CoCrPtX system alloy (one sort or two sorts or more as
which X is chosen from from among B, Ta, Cu, Zr, Nb, Re, nickel, Mn, germanium, Si, O, and N).

[0005]

[Embodiment of the Invention] Drawing 1 shows the 1st operation gestalt of this invention. The substrate film 2 within
a field, the hard magnetism film 3 within a field, the soft magnetism substrate film 4, the orientation control film 5, the
perpendicular magnetic film 6, a protective coat 7, and lubricating film 8 are formed one by one on the nonmagnetic
substrate 1, and magnetic-recording data medium shown here is constituted. The aluminium alloy substrate which has
the NiP plating film generally used as a substrate for magnetic-recording data medium as a substrate 1, glass substrates
(crystallization glass, tempered glass, etc.), a ceramic substrate, a carbon substrate, a silicon substrate, and a silicon
carbide substrate can be mentioned. Moreover, the substrate which formed the NiP film by plating, a spatter, etc. can be
mentioned to these substrates. It is suitable for average-of-roughness-height Ra of the surface of a substrate 1 to be
referred to as 0.01-2nm (preferably 0.05-1.5nm). Adsorption of the magnetic head to data medium and the magnetic-
head vibration at the time of record playback become it easy to take place that surface average-of-roughness-height Ra
is under this range. Moreover, a glide property will tend to become inadequate if surface average-of-roughness-height
Ra crosses this range. ‘

[0006] The substrate film 2 within a field is for raising the crystal stacking tendency of the hard magnetism film 3
within a field located right above, and Cr or Cr alloy is used. As an example of Cr alloy used for the substrate film 2
within a field, the alloy of a CrMo system, a CrTi system, a CrW system, a CrMo system, a CrV system, a CrSi system,
and a CrNb system can be mentioned. As for the content of Cr in this Cr alloy, it is desirable to carry out to more than
60at% (preferably 75at(s)% more than). The crystal stacking tendency of the hard magnetism film 3 within a field
deteriorates that this Cr content is under the above-mentioned range, and magnetic properties, such as coercive force,
fall in the hard magnetism film 3 within a field. It is suitable for the thickness of this substrate film 2 within a field to be
referred to as 1-100nm (preferably 2-50nm).

[0007] The hard magnetism film 3 within a field is for suppressing the magnetic-domain formation in the soft
magnetism substrate film 4, and preventing spike noise generating, and is a magnetic film in which the easy axis mainly
carried out orientation to field inboard (direction along a substrate side). In magnetic-recording data medium of this
operation gestalt, the hard magnetism film 3 within a field contains a CoCrPtX system alloy (one sort or two sorts or
more as which X is chosen from from among B, Ta, Cu, Zr, Nb, Re, nickel, Mn, germanium, Si, O, and N). It is
desirable that it is what uses a CoCrPtX system alloy as a principal component especially. In addition, a principal
component means that the component concerned is included exceeding 50at(s)%. As this CoCrPtX system alloy, it is
desirable to use a CoCrPtB system alloy, a CoCrPtTa system alloy, and a CoCrPtBCu system alloy.

[0008] It is desirable to use for the hard magnetism film 3 within a field CoCrPtX which a 0.5-10at% implication and
the remainder become 10 - 26at% about Cr, and become from Co substantially about X 1 - 16at% in Pt. Under in the
above-mentioned range, the thing with desirable making content of Cr into the above-mentioned range is for coercive
force Hc to decline, when Cr [ content / this ] segregation in a magnetic film stops being able to happen easily,
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distributing [ of a magnetic particle ] becomes inadequate, a noise increases and the above-mentioned range is crossed.
The thing with desirable making content of Pt into the above-mentioned range is because there is orientation for a noise
to become large, when coercive force Hc becomes [ this content ] low under in the above-mentioned range and the
above-mentioned range is crossed. The thing with desirable making content of X into the above-mentioned range is
because coercive force Hc will become low if a noise tends to increase under in the above-mentioned range and this
content crosses the above-mentioned range.

[0009] As for coercive force square shape ratio S* of the hard magnetism film 3 within a field, it is desirable to carry
out to 0.6 (0.7 or more [ Preferably ]) or more. If coercive force square shape ratio S* is less than the above-mentioned
range, the magnetization recovery factor of the soft magnetism substrate film 4 will fall.

[0010] It is suitable for the coercive force Hc of the hard magnetism film 3 within a field to carry out to more than 1000
(Oe) (preferably more than 2000 (Oe)). It becomes easy to carry out flux reversal of the hard magnetism film 3 within a
field by the external magnetic field to this coercive force Hc being under the above-mentioned range, and a spike noise
increases. It is suitable for the saturation magnetization Ms of the hard magnetism film 3 within a field to consider as
three or more 200 memu/cm and less than (preferably 300 - 500 memu/cm3) three 600 memw/cm. The joint magnetic
field of the soft magnetism substrate film 4 and the hard magnetism film 3 within a field becomes it small that this
saturation magnetization Ms is under the above-mentioned range, and it becomes easy to generate a spike noise.
Moreover, the noise by the magnetization fluctuation by the side of the surface of the soft magnetism substrate film 4
increases. Moreover, if saturation magnetization Ms crosses the above-mentioned range, the noise which makes a
generation source this hard magnetism film 3 within a field will increase. As for the thickness of the hard magnetism
film 3 within a field, it is desirable to be referred to as 10nm or more and less than (preferably 45-80mm) 100nm. The
joint magnetic field of the soft magnetism substrate film 4 and the hard magnetism film 3 within a field becomes it small
that this thickness is under the above-mentioned range, and it becomes easy to generate a spike noise. Moreover, if
thickness crosses the above-mentioned range, the noise which makes a generation source this hard magnetism film 3
within a field will increase.

[0011] Since magnetization of the perpendicular magnetic film 6 which records information is more firmly fixed in the
direction perpendicular to a substrate 1, the soft magnetism substrate film 4 is formed. as the soft magnetic materials
which constitute the soft magnetism substrate film 4 -- Fe -- more than 60at% -- Fe alloy to contain can be used. As this
material, FeCo system alloys (FeCo, FeCoV, etc.), FeNi system alloys (FeNi, FeNiMo, FeNiCr, FeNiSi, etc.), FeAl
system alloys (FeAl, FeAlSi, FeAlSiCr, FeAlSiTiRu, etc.), FeCr system alloys (FeCr, FeCrTi, FeCrCuy, etc.), FeTa
system alloys (FeTa, FaTaC, etc.), a FeC system alloy, a FeN system alloy, a FeSi system alloy, a FeP system alloy, a
FeNb system alloy, and a FeHf system alloy can be mentioned. The soft magnetism substrate film 4 can be made into
the structure of having the fine crystal which consists of FeAlO, FeMgO, FeTaN, FeZrN, etc. Moreover, this fine crystal
can also consider as the granular structure distributed in the matrix. the soft magnetism substrate film 4 -- Co -- more
than 80at% -- Co alloy which contains and contains at least one or more sorts in Zr, Nb, Ta, Cr, Mo, etc. can also be
used. For example, CoZr, CoZrNb, CoZrTa, CoZrCr, CoZrMo, etc. can be mentioned as a suitable thing. Moreover, the
soft magnetism substrate film 4 shall consist of an alloy which makes amorphous structure.

[0012] As for the magnetization recovery factor of the soft magnetism substrate film 4, it is desirable to set or more to
0.85 (0.9 or more [ Preferably ]). If this magnetization recovery factor is less than the above-mentioned range, the noise
resulting from the magnetic-domain formation in the soft magnetism substrate film 4 will increase. Hereafter, this
magnetization in the location b where an external magnetic field becomes 0 in the process in which an external magnetic
field is decreased is made into Mm+ from the condition (location shown with Sign a) with which magnetization was
saturated. If an external magnetic field is decreased further, in the location shown in Sign c, the magnetization
percentage reduction of the soft magnetism substrate film 4 will become large, and magnetization of the soft magnetism
substrate film 4 will be completely reversed in the location shown in Sign d (flux reversal location). In this location,
magnetization of the hard magnetism film 3 within a field is not yet reversed. The magnetization at the time (location
shown with Sign €) of making it increase until an external magnetic field is set to 0 from this condition is made into
Mm-. The above-mentioned magnetization recovery factor can be expressed with Mm-/Mm-+. Moreover, in the case of
measurement of a magnetization recovery factor, the flux reversal location d can be considered to be the location where
an external magnetic field becomes -100 (Oe), an external magnetic field can be decreased from the magnetization
saturation location a to -100 (Oe), and the method of defining Mm- and Mm+ can be taken by subsequently making an
external magnetic field increase to 0 (Oe).

[0013] As for the soft magnetism substrate film 4, it is desirable that the saturation magnetic flux density Bs is more
than 1T (T or more [ Preferably 1.4 ]). Control of a playback wave will need to become it difficult that saturation
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magnetic flux density Bs is under the above-mentioned range, it will be necessary to thicken a film, and decline in
productive efficiency will be caused. As for the coercive force of the soft magnetism substrate film 4, it is desirable to
carry out to below 200 (Oe) (15.8x103 A/m). If coercive force crosses the above-mentioned range, the effectiveness of
receipts and payments of the magnetic flux in the closed magnetic circuit formed between the magnetic head and the
soft magnetism substrate film 4 will fall, and a recording characteristic will deteriorate.

[0014] Thickness of the soft magnetism substrate film 4 can be set to 50-200nm. The effectiveness of receipts and
payments of the magnetic flux in the closed magnetic circuit formed between the magnetic head and the soft magnetism
substrate film 4 as this thickness is under the above-mentioned range falls, and a recording characteristic deteriorates.
Moreover, if thickness crosses the above-mentioned range, membrane formation will come to take long duration and
decline in productive efficiency will be caused. The thickness of the soft magnetism substrate film 4 can also be suitably
set up according to the saturation magnetic flux density of the material which constitutes the soft magnetism substrate
film 4. That is, it is desirable to make into 50 or more (preferably 100 or more T-nm) T-nm Bs-t which is the product of
the saturation magnetic flux density Bs of the material which constitutes a soft magnetism substrate film, and the
thickness t of the soft magnetism substrate film 4. The effectiveness of receipts and payments of the magnetic flux in the
closed magnetic circuit formed between the magnetic head and the soft magnetism substrate film 4 as this Bs-t is under
the above-mentioned range falls, and a recording characteristic deteriorates. As for Bs-t, it is more desirable to consider
as 100 - 300 T-nm. In setting Bs-t as the value exceeding the above-mentioned range, it is necessary to form a film
thickly and productivity falls.

[0015] In the surface (field by the side of the orientation control film 5), a component can consider the soft magnetism
substrate film 4 as the configuration which oxidized partially or completely. As for the thickness of this oxidation
portion (oxidizing zone), it is desirable to be referred to as 0.1nm or more less than 3nm. The condition that the soft
magnetism substrate film 4 oxidized can be checked by Auger electron spectroscopy, the SIMS method, etc. Moreover,
it can ask for the thickness of the oxidation portion (oxidizing zone) of the soft magnetism substrate film 4 surface with
the transmission electron microscope (TEM) photograph of for example, a data-medium cross section.

[0016] The orientation control film 5 is a film prepared in order to control the stacking tendency and the diameter of
crystal grain of the perpendicular magnetic film 6 which are located right above. As a material of the orientation control
film 5, what takes hcp structure or fce structure can be illustrated. one sort chosen from from among Ti, Zn, Y, Zr, Ru,
Re, Gd, Tb, and Hf as a material which takes hcp structure, or two sorts or more -- more than 50at% -- what is contained
can be illustrated. As an example, RuCr, HfB, HfCo, HfCr, ErC, Ru-SiO2, Hf-Si02, and Hf-aluminum 203 can be
mentioned. one sort chosen from from among nickel, Cu, Pd, Ag, Pt, Ir, Au, and aluminum as a material which takes fcc
structure, or two sorts or more -- more than 50at% -- what is contained can be illustrated. As an example, NiCrN, PdB,
PdCr, AgCo, Ir-Si02, and aluminum-aluminum 203 can be mentioned.

[0017] It is suitable for the thickness of the orientation control film 5 to be referred to as 100nm or less (preferably
50nm or less). If this thickness crosses the above-mentioned range, the particle size of crystal grain will become large
within the orientation control film 5, and it will become easy to make the magnetic particle in the perpendicular
magnetic film 6 big and rough. Moreover, since the distance of the magnetic head and the soft magnetism substrate film
4 at the time of record playback becomes large, the resolution of a regenerative signal falls and noise figure deteriorates,
it is not desirable. Since the crystal stacking tendency of the perpendicular magnetic film 6 will deteriorate and record
reproducing characteristics will deteriorate if too thin, as for the orientation control film 5, it is desirable to form so that
thickness may be set to 2nm or more.

[0018] The perpendicular magnetic film 6 is a magnetlc film in which the easy axis mainly carried out orientation
perpendicularly to the substrate, and it is desirable to use Co alloy for this perpendicular magnetic film 6. A CoCrPt
alloy and a CoPt alloy can be illustrated as a Co alloy. Moreover, the alloy which added at least one sort of elements
chosen as these alloys from Ta, Zr, Nb, Cu, Re, Ru, V, nickel, Mn, germanium, Si, B, O, N, etc. can be used. Moreover,
rare-earth-elements alloys, such as the material which takes amorphous structure, for example, a TbFeCo system alloy
etc., can also be used for the perpendicular magnetic film 6. The perpendicular magnetic film 6 can also be made into
monolayer structure uniform in the thickness direction, and can also be made into the multilayer structure which carried
out the laminating of the layer which consists of transition metals (Co, Co alloy), and the layer which consists of noble
metals (Pt, Pd, etc.). Co can also be used for a transition-metals layer and Co alloys, such as a CoCrPt system alloy and
a CoPt system alloy, can also be used for it.

[0019] Although what is necessary is just to optimize suitably with the playback output made into the purpose, since
problems, such as aggravation of noise figure and a fall of resolution, tend to arise in being too thick in the case of
which [ of a monolayer structured type and a multilayer-structure mold ], it is suitable for the thickness of the
perpendicular magnetic film 6 to set thickness to 100nm or less (preferably 3-100nm). Moreover, as for the reverse
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magnetic-domain nucleation magnetic field (- Hn) of the perpendicular magnetic film 4, it is desirable to carry out to
more than 0 (Oe). Heat fluctuation resistance falls that a reverse magnetic-domain nucleation magnetic field (- Hn) is
under the above-mentioned range. A reverse magnetic-domain nucleation magnetic field (- Hn) is the process in_which
an external magnetic field is decreased from the condition with which magnetization was saturated, and is a numeric
value expressed with the distance (Oe) from the point (for example, location shown with Sign b in drawing 2 ) that an
external magnetic field is set to 0 to the point (for example, location shown with Sign ¢ in drawing 2 ) that
magnetization percentage reduction becomes large suddenly in a hysteresis curve (MH curve). In addition, a reverse
magnetic-domain nucleation magnetic field (- Hn) takes a positive value, when the point that magnetization percentage
reduction becomes large suddenly is in the field to which an external magnetic field serves as negative, and when this
point is in reverse to the field to which an external magnetic field serves as positive, it takes a negative value.

[0020] A protective coat 7 is for preventing damage on the surface of data medium, when the magnetic head contacts
data medium, and securing the lubricating properties between the magnetic head and data medium, and can use a well-
known material conventionally while it prevents the corrosion of the perpendicular magnetic film 6. For example, what
makes a principal component the single presentation of C, SiO2, and ZrO2 or these, and contains other elements is
usable. As for the thickness of a protective coat 7, it is desirable to consider as the range of 1-10nm.

[0021] Well-known lubricant, such as a perfluoro polyether, fluorination alcohol, and a fluorination carboxylic acid, can
be used for lubricating film 8. The class and thickness can be suitably set up according to the property of the protective
coat used or lubricant.

[0022] In order to manufacture magnetic-recording data medium of the above-mentioned configuration, on the substrate
1 shown in drawing 1 , the substrate film 2 within a field, the hard magnetism film 3 within a field, and the soft
magnetism substrate film 4 are formed by a spatter etc., oxidation treatment is performed to the surface of this soft
magnetism substrate film 4 if needed, and, subsequently the orientation control film 5, the perpendicular magnetic film
6, and a protective coat 7 are formed by a spatter etc. one by one. Subsequently, lubricating film 8 is formed with a DIP
coating method, a spin coat method, etc. When performing oxidation treatment to the surface of the soft magnetism
substrate film 4, the method of putting the soft magnetism substrate film 4 to oxygen content gas, after forming the soft
magnetism substrate film 4, and the method of introducing oxygen into process gas, in case the portion near the surface
of the soft magnetism substrate film 4 is formed can be taken. Crystal grain of the orientation control film 5 which
suppresses the magnetic fluctuation of the surface of the soft magnetism substrate film 4, and is formed on the soft
magnetism substrate film 4 of scaling of this soft magnetism substrate film 4 can be made detailed, and the
improvement effect of noise figure can be acquired. Moreover, by the oxidation portion (oxidizing zone) of the soft
magnetism substrate film 4 surface, it can suppress that the staining substance from the soft magnetism substrate film 4
moves to the data-medium surface, and generating of the corrosion on the surface of data medium can be prevented.
[0023] The spatter using the carbon target as the formation method of a protective coat 7, and a CVD method and the
ion beam method can be used. Since the protective coat 7 with a very high degree of hardness can be formed when using
a CVD method and the ion beam method, compared with the protective coat formed of the spatter, it becomes possible
to make it thin sharply. Therefore, the spacing loss at the time of record playback can be made small, and record
playback of high density can be performed.

[0024] By magnetic-recording data medium of this operation gestalt, since the substrate film 2 within a field and the
hard magnetism film 3 within a field are formed between the nonmagnetic substrate 1 and the soft magnetism substrate
film 4, magnetic switched connection can be made to be able to form between the hard magnetism film 3 within a field,
and the soft magnetism substrate film 4, and the magnetization direction of the soft magnetism substrate film 4 can be
compulsorily turned to the substrate radial. For this reason, in the soft magnetism substrate film 4, a magnetic domain is
made not to be formed, and spike noise generating can be prevented.

[0025] For this magnetic-recording data medium, the hard magnetism film 3 within a field is a CoCrPtX system alloy
(X). Since one sort chosen from from among B, Ta, Cu, Zr, Nb, Re, nickel, Mn, germanium, Si, O, and N or two sorts or
more are included While making good the crystal stacking tendency of the field inboard in the hard magnetism film 3
within a field compared with elegance conventionally which has the hard magnetism film which consists of a SmCo
alloy, detailed-ization of a magnetic particle can be attained. For this reason, noise generating which considers the hard
magnetism film 3 within a field as a cause can be suppressed low. Moreover, since the substrate film 2 within a field
was formed, while raising further the crystal stacking tendency of the field inboard of the hard magnetism film 3 within
a field, a magnetic particle can be further made detailed. For this reason, a noise can be reduced further. Therefore, even
when the soft magnetism substrate film 4 is formed thinly, the increment in a noise can be suppressed. Therefore, by
thin-film-izing the soft magnetism substrate film 4, productive efficiency can be raised and the noise figure which was
moreover excellent can be obtained.
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[0026] Moreover, according to the above-mentioned manufacture method, since the substrate film 2 within a field and
the hard magnetism film 3 within a field are formed between the nonmagnetic substrate 1 and the soft magnetism
substrate film 4, the noise which considers the hard magnetism film 3 within a field as a cause can be stopped.
Therefore, by thin-film-izing the soft magnetism substrate film 4, productive efficiency can be raised and the noise
figure which was moreover excellent can be obtained.

[0027] Drawing 3 shows the 2nd operation gestalt of magnetic-recording data medium of this invention. Magnetic-
recording data medium shown here differs from magnetic-recording data medium shown in drawing 1 with the point
that the seed film 9 is formed between the nonmagnetic substrate 1 and the substrate film 2 within a field. The seed film
9 is for raising the crystal stacking tendency of the substrate film 2 within a field formed right above, and what uses one
sort or two sorts or more in NiAl, FeAl, CoFe, CoZr, NiTi, AlCo, AlRu, CoTi, and CrTa as a principal component can
be used for it as the material. With this operation gestalt, by forming the seed film 9, the crystal stacking tendency of the
substrate film 2 within a field and the hard magnetism film 3 within a field can be raised, and a data-medium noise can
be stopped still lower.

[0028] Drawing 4 shows the 3rd operation gestalt of magnetic-recording data medium of this invention. Magnetlc-
recording data medium shown here differs from magnetic-recording data medium shown in drawing 1 with the point
that the interlayer 10 within a field is formed between the substrate film 2 within a field, and the hard magnetism film 3
within a field. The interlayer 10 within a field is for raising the crystal stacking tendency of the hard magnetism film 3
within a field, and nonmagnetic Co alloy can be used for it as the material. The alloy which added to Co one sort or two
sorts or more of elements chosen from Cr, Ta, Zr, Nb, Cu, Re, Ru, nickel, Mn, germanium, Si, O, N, and B as this Co
alloy can be used. It is desirable to use a CoCr alloy even especially in inside. As for the thickness of the interlayer 10
within a field, it is desirable to be referred to as 1-20nm. With this operation gestalt, by forming the interlayer 10 within
a field, a stacking tendency can be raised in the hard magnetism film 3 within a field, and magnetic properties, such as
the coercive force Hc in the hard magnetism film 3 within a field, can be raised.

[0029] Drawing 5 shows the 4th operation gestalt of magnetic-recording data medium of this invention. By magnetic-
recording data medium shown here, it differs from magnetic-recording data medium shown in drawing 1 with the point
that the orientation control substrate film 11 is formed between the soft magnetism substrate film 4 and the orientation
control film 5. The orientation control substrate film 11 is for raising the crystal stacking tendency of the orientation
control film 5, and it is desirable to use what makes B-2 structure as the material. As this material, what uses one sort or
two sorts or more of alloys as a principal component among NiAl, FeAl, CoFe, CoZr, NiTi, AlCo, AIRu, and CoTi can
be used. Moreover, the material which added elements, such as Cr, Mo, Si, Mn, W, Nb, Ti, Zr, B, O, and N, can also be
used for these alloys. As for the thickness of the orientation control substrate film 11, it is desirable to be referred to as
30nm or less. If this thickness crosses the above-mentioned range, the distance of the perpendicular magnetic film 6 and
the soft magnetism substrate film 4 will become large, resolution will fall, and noise figure will deteriorate. As for the
thickness of the orientation control substrate film 11, it is desirable to be referred to as 0.1nm or more. With this
operation gestalt, by forming the orientation control substrate film 11, the stacking tendency of the orientation control
film 5 and the perpendicular magnetic film 6 can be raised, and magnetic properties, such as coercive force He, can be
raised in the perpendicular magnetic film 6.

[0030] Drawing 6 shows the 5th operation gestalt of magnetic-reco'rding data medium of this invention By magnetic-
that the nonmagnetic interlayer 12 i 1s formed between the orientation control film 5 and the perpendlcular magnetic film
6. The nonmagnetic interlayer 12 is for raising the crystal stacking tendency of the perpendicular magnetic film 6, and
nonmagnetic Co alloy can be used for it as the material. The alloy which added to Co one sort or two sorts or more of
elements chosen from Cr, Ta, Zr, Nb, Cu, Re, Ru, nickel, Mn, germanium, Si, O, N, and B as this Co alloy can be used.
It is desirable to use a CoCr alloy even especially in inside. Since resolution will fall and noise figure will get worse
when the distance of the perpendicular magnetic film 6 and the soft magnetism substrate film 4 becomes large if too
thick, as for the nonmagnetic interlayer 12, it is desirable to be referred to as 20nm or less, and it is more desirable to be
referred to as 10nm or less. With this operation gestalt, by forming the nonmagnetic interlayer 12, the stacking tendency
of the perpendicular magnetic film 6 can be raised, and magnetic properties, such as coercive force Hc, can be raised.
[0031] Drawing 7 shows the 6th operation gestalt of magnetic-recording data medium of this invention. By magnetic-
recording data medium shown here, it differs from magnetic-recording data medium shown in drawing 1 with the point
that the magnetization stability film 13 is formed between the perpendicular magnetic film 6 and the protective coat 7.
What was illustrated as a material of the magnetization stability film 13 as a material which can be used for the soft
magnetism substrate film 4 can be used. As for the coercive force Hc of the magnetization stability film 13, it is
desirable to carry out to below 200 (Oe) (preferably below 50 (Oe)). As for the saturation magnetic flux density Bs of
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the magnetization stability film 13, it is desirable to carry out to more than 0.4T (T or more [ Preferably 1 ]). moreover,
saturation-magnetic-flux-density thickness product Bs-t of the magnetization stability film 13 is 7.2 or less T-nm -- it is
desirable. If this Bs-t crosses the above-mentioned range, a playback output will decline.

[0032] The magnetization stability film 13 can be considered as the configuration in which the component has oxidized
partially or completely in the surface. That is, in the surface (field by the side of a protective coat 7 or the perpendicular
magnetic film 6) of the magnetization stability film 13, and its near (field of the depth predetermined [ the surface to ]),
it can consider as the configuration in which the component oxidized partially or on the whole.

[0033] With this operation gestalt, fluctuation of the magnetization in the surface of the perpendicular magnetic film 6
can be suppressed by forming the magnetization stability film 13. For this reason, leakage flux stops influencing of
fluctuation, and a playback output increases. Moreover, by forming the magnetization stability film 13, magnetization of
the perpendicular direction of the perpendicular magnetic film 6 and magnetization of the field inboard of the soft
magnetism substrate film 4 and the magnetization stability film 13 come to form a closed circuit. Since magnetization of
the perpendicular magnetic film 6 is more firmly fixed perpendicularly by this operation, heat fluctuation resistance
improves according to it. Moreover, since the magnetic fluctuation of the surface of the magnetization stability film 13
can be suppressed when considering as the configuration in which the surface of the magnetization stability film 13
oxidized, the noise resulting from this magnetic fluctuation can be reduced, and the record reproducing characteristics of
magnetic-recording data medium can be improved.

[0034] Drawing 8 is the cross-section block diagram showing an example of the magnetic recorder and reproducing
device concerning this invention. The magnetic recorder and reproducing device shown in this drawing is equipped with
the data-medium mechanical component 21 which carries out the rotation drive of magnetic-recording data medium 20
and this magnetic-recording data medium 20 of the above-mentioned configuration, the magnetic head 22 which
performs informational record playback to magnetic-recording data medium 20, the head mechanical component 23
which makes the magnetic head 22 drive, and the record regenerative-signal processor 24. The record regenerative-
signal system 24 processes the inputted data, a record signal can be sent to the magnetic head 22, or can process the
regenerative signal from the magnetic head 22, and can output data now.

[0035] As the magnetic head 22, it is desirable to use a single magnetic pole arm head. Drawing 9 shows an example of
a single magnetic pole arm head, and the outline configuration of the single magnetic pole arm head 22 is carried out
from the magnetic pole 25 and the coil 26. A magnetic pole 25 is formed in the shape of [ which has the main pole 27
with narrow width of face, and the broad auxiliary magnetic pole 28 ] a side view abbreviation KO character, and the
main pole 27 can generate the magnetic field impressed to the perpendicular magnetic film 6 at the time of record, and it
can detect now the magnetic flux from the perpendicular magnetic film 6 at the time of playback.

[0036] In case record to magnetic-recording data medium 20 is performed using the single magnetic pole arm head 22,
the magnetic flux emitted from the tip of the main pole 27 makes the perpendicular magnetic film 6 magnetize in the
perpendicular direction to a substrate 1. Under the present circumstances, since the soft magnetism substrate film 4 is
formed in magnetic-recording data medium 20, the magnetic flux from the main pole 27 of the single magnetic pole arm
head 22 is led to the auxiliary magnetic pole 28 through the perpendicular magnetic film 6 and the soft magnetism
substrate film 4, and forms a closed magnetic circuit. By forming this closed magnetic circuit between the single
magnetic pole arm head 22 and magnetic-recording data medium 20, record playback of the increase of the
effectiveness of receipts and payments of magnetic flux and high density is attained. Moreover, in this invention, the
compound-die thin film magnetic-recording arm head which equipped with the huge magnetic-reluctance (GMR)
element, the things, for example, the playback section, other than a single magnetic pole arm head, can also be used as
the magnetic head. ‘

[0037] Since magnetic-recording data medium 20 is considered as the configuration which formed the substrate film 2
within a field, and the hard magnetism film 3 within a field between the nonmagnetic substrate 1 and the soft magnetism
substrate film 4, the magnetic recorder and reproducing device of this operation gestalt can stop the noise which
considers the hard magnetism film 3 within a field as a cause. Therefore, by thin-film-izing the soft magnetism substrate
film 4, productive efficiency can be raised and the noise figure which was moreover excellent can be obtained.
Therefore, record playback of high density is attained.

[0038] .

[Example] Hereafter, an example is shown and the operation effect of this invention is clarified.

The glass substrate [ finishing / washing ] 1 (made in Ohara, outer diameter of 2.5 inches) is held in the membrane
formation chamber of DC magnetron sputtering equipment (product C-3010 made from Anelva). (Example 1) After
exhausting the inside of a membrane formation chamber until it becomes a 1x10 to 5 Pa ultimate vacuum, The seed film
9 (50nm in thickness) which consists of 50nickel50aluminum on this glass substrate 1, The substrate film 2 (15nm in
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thickness) within a field which consists of 94Cr(s)6Mo, the hard magnetism film 3 (50nm in thickness) within a field
which consists of 61C022Cr12Pt5B, and the soft magnetism substrate film 4 (150nm in thickness) which consists of
92Co4Ta4Zr were formed. It checked that Bs of the soft magnetism substrate film 4 was 1.3T as a result of the
measurement using an oscillating-type magnetic-properties measuring device (VSM). When the static magnetism
property of the soft magnetism substrate film 4 was measured using the Kerr effect measuring device, the 4570(O¢)
reverse magnetic-domain nucleation magnetic field (- Hn) of coercive force was 750 (Oe). At the time of the above-
mentioned membrane formation, gas pressure was set as 0.5Pa, using an argon as process gas. Moreover, the
temperature conditions at the time of membrane formation were made into 200 degrees C. Subsequently, the protective
coat 7 which consists of carbon using a CVD method was formed. Subsequently, the lubricating film 8 which consists of
a perfluoro polyether with a DIP coating method was formed, and magnetic-recording data medium was obtained (see
the table 1). In addition, in the publication of the above-mentioned charge of an alloy, aAbB shows a(at%) A-b(at%) B.
For example, 61Co(es)22Cr12Pt5B means 61at%Co-22at%Cr-12at%Pt-5at%B (Co content 61at% and Cr content
22at% and Pt content 12at% and B content 5at%). .

[0039] (Example 1 of a comparison) According to the example 1, magnetic-recording data medium was produced
except using what is shown in a table 1 as a material of the hard magnetism film 3 within a field (see the table 1).
[0040] (Example 2 of a comparison) According to the example 1, magnetic-recording data medium was produced
except using what is shown in a table 1 as a material of the substrate film 2 within a field (see the table 1).

[0041] (Example 3 of a comparison) The seed film 9 and the substrate film 2 within a field were not formed, but
magnetic-recording data medium was produced according to the example 1 except using SmCo for the hard magnetism
film 3 within a field (see the table 1).

[0042] (Example 4 of a comparison) According to the example 1, magnetic-recording data medium was produced
except not forming the seed film 9 the substrate film 2 within a ﬁeld and the hard magnetism film 3 within a field (see
the table 1).

[0043] (Example 2) According to the example 1, magnetic-recording data medium was produced except having formed
the orientation control substrate film 11 (8nm in thickness) which consists of 50nickel50aluminum, the orientation
control film S (10nm in thickness) which consists of Ru, and the perpendicular magnetic film 6 (25nm in thickness)
which consists of a 65C017Cr16Pt2B on the soft magnetism substrate film 4 (see the table 2) The diameter of average
crystal grain in the perpendicular magnetic film 6 was 9nm as a result of the observation using a transmission electron
microscope (TEM).

[0044] (Example 5 of a comparison) According to the example 2, magnetic-recording data medium was produced
except using what is shown in a table 2 as a material of the hard magnetism film 3 within a field (see the table 2).
[0045] (Example 6 of a comparison) According to the example 2, magnetic-recording data medium was produced
except using what is shown in a table 2 as a material of the substrate film 2 within a field (see the table 2).

[0046] (Example 7 of a comparison) The seed film 9 and the substrate film 2 within a field were not formed, but
magnetic-recording data medium was produced according to the example 2 except using SmCo for the hard magnetism
film 3 within a field (see the table 2).

[0047] (Example 8 of a comparison) According to the example 2, magnetic-recording data medium was produced
except not forming the seed film 9, the substrate film 2 within a ﬁeld and the hard magnetlsm film 3 within a field (see
the table 2).

[0048] (Examples 3-14) According to the example 1, magnetic-recording data medium was produced except using for
the hard magnetism film 3 within a field the material shown in a table 3 (see the table 3).

[0049] (Examples 15 and 16) According to the example 1, magnetic-recording data medium was produced except
carrying out as the magnetization recovery factor of the soft magnetism substrate film 4 is shown in a table 4 (see the
table 4).

[0050] (Examples 17 and 18) According to the example 1, magnetic-recording data medium was produced except
carrying out as coercive force square shape ratio S* of the hard magnetism film 3 within a field is shown in a table 5
(see the table 5).

[0051] (Examples 19-28) According to the example 2, magnetic-recording data medium was produced except carrying
out as the material and thickness of the soft magnetism substrate film 4 are shown in a table 6 (see the table 6).

(0052] (Examples 29-40) According to the example 2, magnetic-recording data medium was produced except carrying
out as the material and thickness of the orientation control substrate film 11 and the orientation control film 5 are shown
in a table 7 (see the table 7).

[0053] (Examples 41-49) According to the example 2, magnetic-recording data medium was produced except carrying
out as the material and thickness of the perpendicular magnetic film 6 are shown in a table 8 (see the table 8).

http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje ' 3/3/2004



Page 9 of 13

[0054] (Examples 50-53) By putting the surface of the soft magnetism substrate film 4 to oxygen content gas (exposure
gas), magnetic-recording data medium was produced according to the example 2 except performing oxidation treatment
on the soft magnetism substrate film 4. As exposure gas, pure oxygen (100%02) or oxygen argon mixed gas (mixing
ratio: 50vol%02-50vol%Ar) was used. The thickness of the oxidizing zone formed in the surface of the soft magnetism
substrate film 4 of the configuration and the above-mentioned exposure of this magnetic-recording data medium is
shown in a table 9.

[0055] (Example 54) When forming the soft magnetism substrate film 4, according to the example 2, magnetic-
recording data medium was produced except using Ar (100%) and subsequently using oxygen argon mixed gas (mixing
ratio: 10vol%02-90vol%Ar) as process gas (membrane formation gas). Of use of oxygen argon mixed gas, the
oxidizing zone was formed near the surface of the soft magnetism substrate film 4. The thickness of this oxidizing zone
is collectively shown in a table 9.

[0056] (Examples 55-62) The nonmagnetic interlayer 12 was formed and magnetic-recording data medium was
produced according to the example 2 except carrying out as the material and thickness of this nonmagnetic interlayer 12
are shown in a table 10 (see the table 10).

[0057] (Examples 63-67) The magnetization stability film 13 was formed and magnetic-recording data medium was
produced according to the example 2 except carrying out as the material and thlckness of this magnetization stability
film 13 are shown in a table 11 (see the table 11).

[0058] (Examples 68-70) By changing the temperature conditions at the time of forming the hard magnetism film 3
within a field, magnetic-recording data medium was produced according to the example 1 except changing the coercive
force of the hard magnetism film 3 within a field (see the table 12).

[0059] The magnetic properties of each magnetic-recording data medium were measured using the oscillating-type
magnetic-properties measuring device (VSM), the read/write analyzer RWA1632 made from GUZIK, and spin stand
S1701MP. A measurement result is shown in tables 1-12. After evaluation of heat fluctuation resistance heated the
substrate at 70 degrees C and wrote in in track-recording-density SOKFCI, it computed the decreasing rate (%/decade) of
the output to the playback output 1 second after after writing based on x(So0-S)100/(Sox3). In this formula, So shows the
playback output at the time of after [ signal record ] 1-second progress to magnetic-recording data medium, and S shows
a playback output 1000 seconds after.

[0060]
A table 1] .
J-MER | BR | OEBESIE | SEdTRE | ®E V0
Tibi% ) 4T | MT
1| B | 185 | B B Bl @& |F
& &= & & {(RmsmV)

WHEEIT [NiAl|50|CrMo| 15|Co22Cr 12Pt5B |50 | 92C04TadZr { 150]0. 0345 |4k
HESHIT [NiAI[S0[CrMo[15| Co20Pt  |50|92Co4TadZr|1501{0. 1224 %L
L2 NiAI|SO| V| 15]|Co22Cr 12Pt5B|50]92Co4Tad2r [ 150 (0. 0885 |4LL

o X I e e SmCo 50{92Co4Ta42r | 1500, 1826 |%&L
tegd | - |- - |- - —192C04Tad2r | 150(0. 0312 |d>Y)
(BE0EIidnm)
[0061]
A table 2] :
MR | B | DAREAR | XEETRE ROt 8 | 0 SHaess SO3REB 2N 17
TR FibER | SIEER EA5E T
1E5L| B | 18k |8 @k |B| B |E 8B |B{EN|E 85y B (13-L-b
& & & & & & &| 10-X
EHEGI2 |NiAl[50[CrMo] 15(Co22Cr.12Pt5B|50|92CoaTadZr [ 150(|NiAl |8 | Ru |10|65Co17Cr16Pt2B(25| -6.3 {%XL
HERFS |NiAl|50|CrMo] 15 Co20Pt 50192Co4TadZr | 150(NiAl |8 { Ru |10|65Co17Cr16P12B|25| -3.5 (L
HEEH6 (NiAl|90| ¥ [15/Co22Cr12Pt58|50{92Co4TadZr | 150 (NiAl I8 | Ru }10|65Co17Cr16P12B|25| -4. 1 {ZXL
weer | - |~ - |- SmCo 50{92Co4TadZr | 150{NiAl |8 | Ru |10|65C017Cr16P128(|25| ~3.2 |%&L
k®ms | - |- — [~ - — |92Co4TadZr | 150|NiA) |8 | Ru {10{65Co17Cr16P12B|25| -2.1 |BY
. (Bx2DH{gidnm)
[0062]
[A table 3]
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A table 4]
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[A table
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[A table
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MR | BN | RS BREGHE T it kOt Ra |EE|RERB(W )
TibgE TeER | GIPES (RN | NS | AT
BW|8 (e8| @8 |F| @R |3 |Bs|Em |B|EMR|E| B |1l
& & & & (T & & 10-X
SEHEGI2 [NiAl[50[{CrMo| 15(Co22Cr 12Pt58(50| 92Co4TadZr {150(1.3[NiAl [8 | Ru [10} =1 | -6.3 [&L
FEBEGI19[NiAI [50|CrMo] 15]Co22Cr 12Pt5B|50| 88C04TaBZr [150[1.0[Nial [8 | Ru [10] *1 | -6.1 [%L
EHEFI20|NiAI[50[CrMo| 15{Co22Cr 12Pt58(50| 85Co7TaBZr [150(0.8[NiAl [8 | Ru {10} %1 | -5.1 (&L
FIEEI21{NiA) [50|CrMo| 15[Co22Cr 12P158(50|80Fe 10Ta10C [150{1. 6[NiAI {8 | Ru [10f &1 | -6.1 &L
LHEGI22|NiAI [50]CrMo]| 15(Co22Cr 12Pt58|50| 82FebZr 12N [150{1. 7{NiAl [8 | Ru |10] *1 | -6.3 |%L
LHEFI23[NiAl [50]|CrMo| 15|Co22Cr 12P158(50]| 78Fe22(Si02) [150(1. 4|NiAl {8 | Ru [10| #1 | -6.2 |&L
=iEEI24[Nia1 [50]Crio| 15{Co22Cr 12P158]50| 92Co4Tadzr [40 [1.3|NiAl {8 | Ru [10] %1 | -4.6 |%L
RIBEI25|NiAl [50|CrMo| 15{Co22Cr 12P158|50| 92Co4Ta42r (60 |1.3|NiAl (8 | Ru [10] *1 | -5.8 |#&L
EIESI26|NiAl [50{CrMo| 15]Co22Cr 12Pt58|50{ 92Co4Ta4Zr |105]1.3|NiAl {8 | Ru [10] *1 | -6.3 |HL
EHEFI27|NiAI[50{CrMo| 15]Co22Cr 12P15B|50| 92Co4Tadzr {210[1.3(NiAl [8 | Ru {10[ *1 | -6.3 |&L
FHEE128 |NiAL[50{CrMo| 15]Co22Cr 12Pt58 (50| 92Co4Tadzr [400(1.3(NiAl {8 [ Ru [10] x1 | -6.1 {BL
+1: BEHHEE ; 65C017Cr 16Pt28, B & 2Z5nn (Bsogfiidnm)
[0066]
A table 7]
VB | B | BREEMNE M TR G &= BE | LE2RE
TR FibER i) Bars 4ot
I ATCAR 23S 1885 B| #8s |E |Bs| & |B| @ |B] B |I5-L-}
=) & & ) & & 10-X
HHEH2 (NiAl[50|Crio] 15|Co22Cr 12P158[50|92Co4Ta4zZr [150]1. 3|50NiS0AI[8 | Ru  [10| x1 | -6.3
HHEBI20[NiA| [50|Crio| 15]Co22Cr 12P15B|50{92Co4Tadzr [1501.3] ~ |- Ru  [2 ] %1 [ -6.1
HEFIS0{NiA! {50|CrMa | 15{Co22Cr 12P158(50|92C04Tad2r [160]1.3] ~ |- Ru 18] 1 | -6.2
EHEFI31{NiAI [50{CrMo| 16]Co22Cr 12P158 |50 92Co4Tad2r [160(1.3] - |- Ru |45 «1 | -6.9
EHEHI32|NiA) [50{CrMo| 15(Co22Cr 12Pt58|50{92Co4TadzZr [160(1.3} —  |—| 70Ru30Cr [18] #1 | -6.6
5EFI33[NiAl[50]CrMo| 15{Co22Cr 12P5B]50(92CoaTadze 150} 1.3 —~ {—-] HF  [18] #1 | -6.7
FIEBI34|NiAl[50|CrMo| 15]Co22Cr 12P158(50{92C04Tadze [160[1.3] —  |—| 8oHf208 [18] 1 | -6.8
FiBHI35|NiAI 50| CrMo| 15]Co22Cr 12Pt5B|50{92Co4Tadzr | 150 1. 3[50NiS0AI |8 Re (8] %1 | -5.8
EHEHII6|NiA) |50 CrMo | 15]{Co22Cr 12P158|50{92C04TadZr [150|1.3] — |- Ni (3] & [ -6.1
EFEAIATINIAI[50]|CrMo| 15]Co22Cr 12Pt5B[50{92C04Tadzr [ 150] 1. 3|50Ni50A1 |8 Ni [3[#«]-61
FHEHYIS | NiAI|50|CrMo| 15]Co22Cr 12Pt5B[50{92Co4Tadzr [1501.3] —  |—|85Ni10CrSN]10| #1 | -6.3
FEiEBI39[NiAI [50{CrMo| 15|Co22Cr 12P15B|50(92Co4Tadzr [150[1.3] — [—] cu  [15] #1 | -5.8
SEHEAI40[Ni A1 {50 |CrMo| 15]Co22Cr 12P15B|50(92C04Tadzr [150[1.3] — |[—[ 80Pd20B [10] #1 | -5.9
1 EE RIS ; 65C017Cr 16P128, B 225m (B&miildnm)
[0067]
A table 8]
IR | A | BRERERAE | RS TIHRE 2ol &9 EERMR 85 (eSS
TitohR TR | SotE | &Mt
ey | B |48k | B 5157 B 8 |E [EX |E|E%|E a8 B)15-L-M (%/de
& e & & & & | 10-X [-cade)
SEHEGI2 |NiAl[50|CrMo|15(Co22Cr 12P15B|50{92Co4Tadzr {150[NiAl |8 | Ru |10]|65Co17Cr16P12B [25] -6.3 | 0.65
SEHEGI41|Ni Al [50]|CrMo| 15(Co22Cr 12P15B |50 {92C04TadZr [150[NiAl |8 | Ru {10|65Co17Cr16Pt28 (3 | -4.9 | 1.03
SHEHEI42 [Ni A} [50]|CrMo| 15[Co22Cr 12P158 |50 |92Co4TadzZr [ 150(Nial [8 | Ru [10]65Co17cr16Pt2B [8 | -6.0 | 0.88
RIEHI43|NiAl [50{CrMa| 15(Co22Cr 12P158 |50 [92Co4TadZr [150|NiA) 18 | Ru {10{65Co17Cr16Pt2B [45] -5.8 | 0.55
SEHEFI44 N Al [50]|CrMo| 15]Co22Cr 12P158|50|92Co4TadZr [150[NiAl |8 | Ru |10(85Cot7Cr16Pt28 (60| -5.1 | 0.52
EHEFI4S|NiAI [50]|CrMo| 15]Co22Cr 12Pt5B|50{92Co4TadZr | 150 [NiAl |8 [ Ru {10]62Co19Cr 15Pt3Mn (26| 6.1 | 0. 71
RIBFI46|Ni Al [50{CrMo| 15]Co22Cr 12Pt5B]50|92C04TadZr | 150|NiAl |8 [ Ru 10| 68Co21Cr6PtSB (25| -6.3 | 1.08
FEHEFIATINIAI [50|CrMo| 15]Co22Cr 12P15B|50(92C04TadZr | 150|NiAl |8 | Ru [10] 61Co17Cr2tPt |25 -5.6 | 0.49
RHEBI48|NiAl [50]CrMo[ 15]Co22Cr 12Pt5B|50]92C04Tadzr | 150 [NiAt [8 | Ru [10] Co/Pd  (x1 [15] -5.3 | 0.36
SEBEBIA9|NiAI |50 {CrMo| 15]Co22Cr 12Pt58|50(92C04TadZr [ 150|NiAl (8 | Ru [10]  TbFeCo 25( -5.1 [ 0.64
+1:CoBEPAR & ZHO L HE - THEEL S S EIREIE (E=¥{ildnm)
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[0068]
A table 9]
Y-+ (BNEAN T N L Eadld R0 |EEH|:RE
B | Tih| Bk TIOE |G |BReE | £
B o¢fE| M8 |E |Bs| BEN2 |EHL|ER(L AR |R|ER|E] B [15-L-}
& (roean 1) |2 EE & &
(m & 10-X
RHEEI2 | ¥1 | %2 | %3 [92Co4TadZr | 150{1.3 - — | — INiAl |8 | Ru |10] *4 | -6.3
EEEHIS0| %1 | *2 | ¥3 |92Co4TadZr|150(1.3] 100%O2 |BREFE(0.5 |NiAl |8 | Ru [10] 4 | -7.1
BIBHIST| %1 | %2 | 33 |92Co4Tad2r}150|1. 3| 100%02 ERER(2.5 |NiAl |8 | Ru [10] *4 | 6.9
EIRGIS2| %1 | %2 | %3 |92Co4Tad2r{150(1.3] 100%O2 B3R! 4 ([NiA) {8 | Ru [10| 34 | -6.1
RIBHISI| %1 | x2 | 23 |92Co4TadZr{150|1. 3{50% O 2-50%Ar |BR58| 1 |NiA) {8 | Ru (10| #4 | 6.8
EIBEIS4| %1 | %2 | %3 [92Co4Tad2r{150{1. 3[10%02-90%Ar | %5 | 1 |NiAl |8 | Ru |10| #4 | -6.7
£1:3— IS : 50NiS0AL, B &50nm (BExo#{iidnm)
%2 : W T HEER : 94Cr6Mo, B X 15nm
£3: EOPIEBRE MRS - 61C022Cr 12PtSB, E &50nm
84 SEERMEES : 65C017Cr 16P12B, B & 25nm ﬁ
£5: N T . o0t A 2E L TI00KAr 2 BLVER. 10%02-90%Ar 2 BA L X2, ‘
[0069]
A table 10] _
y-p | DA DA RENTIE (e &9 FEMPRE |EE|RRE|RIES
B | Tit| P TieiE | SIS Bt | 45T | &t
R (&R 88 |E |Bs|iE |B{A%|E % B B |15-b-}|(%/de
= (M & & & 10-X |-cade)
SEREFIZ | 1 | %2 | *3 |92Co4TadZr | 150( 1. 3[NiAl |B | Ru |10 - —| %4 | -6.3 | 0.65
EREASS| %1 | 32 | %3 {92Co4TadZr|15011. 3|NiAl (8 | Ru {10 60Co40Cr 5| %4 | -6.81 0.5
EHEFIS6| x1 | #2 | %3 |92Co4TadZr150(1. 3|NiAl (8 | Ru |10 60Cod0Cr 2| 34| -6.8 | 057
LEEGIST| x1 | x2 | #3 [92Co4Ta4Zr |150]1. 3[NiAl |8 | Ru (10 50Co40Cr 18| %4 | -6.7 | 0.52
RHEGIS8] %1 | 2 | %3 |92Co4TadZr{150|1. 3|NiAI |8 | Ru (10 80Co40Cr 25| %4 | -6.5 | 0.52
EHEGIS9| «1 | ¥2 | x3 (92Co4Ta4Zr|150(1. 3|NiAl |8 | Ru [10| 55Co35Cr10Mn |5 | #4 | -6.9 | 0.56
EHEFI60( ¥1 | %2 | %3 |92Co4TadZr|150]1. 3(NiAl |8 | Ru |10|92C033Cr10Pt58|5 | *4 | -7.0 | 0.55
RHEEI61| %1 | %2 | #3 [92Co4TadZr|150]1. 3{NiAl |8 [ Ru |10 55C045Ru 51 %4 | 6.9 0.58
WHEFI62| $1 | %2 | *3 |92Co4TadZr{150|1. 3|NiAl |8 | Ru [10/60Co30Cr5TadB {5 | *4 | -6.9 | 0.54
¥1:3— N2 : 50NiS0AL, B &E50nm (BXDE{liZnm)
£2: BATHBES : 94Cr6Mo, B 15nm
+3: EDPOTBREMEES : 61C022Cr 12PtSB, 5 &50nm
*4: EEREPEER : 65C017Cr 16Pt2B, B & 26nn
[0070]
[A table 11]
-1 |BR|BEA| DEHETHE |(Eofll| £e |[Ea8| RLREE |REEERHSE (BES
B | Tib | B TR | BEE B ID-L-| BYE | KMk
E [#0%| 4t |8 |Bs|/En |B|ER|F| @ (B | 10-X | HH [(%/de
4] & &= & (uV) i-cade)
REEGI2 | %1 | 2 | %3 [92Co4TadZr | 150 1. 3[NiAT |8 | Ru [10] %4 - - | -6.3 | 2180 | 0.65
SELEBI63| *1 | 32 | *3 |92Co4TadZr|150]1. 3INiAT 18 | Ru [10] %4 [92Co4TadZr|3.6| -6.7 | 2870 | 0.45
EIEGHI64| x1 | *2 | *3 [92Co4TadZr|150] 1. 3{NiAl {8 | Ru |10] %4 |92CodTadZr(7.0| -6.2 { 2350 | 0.53
EHEFI6O| *1 | 2 | K3 192Co4TadZr|150|1. 3|NiA) |8 | Ru [10| %4 (92Co4Ta4Zr|9.6| -5.7 | 1780 | 0. 74
RIBGEIG6| *1 | x2 | «3 |92Co4TadZr|150{1. 3[NiAI {8 | Ru |10| *4 [85Fe1SZr |3.6| -6.4 | 2660 | 0.52
RIEHI6T] %1 | %2 | %3 [92CodTadZr}150(1. 3[NiA] |8 | Ru 10| #4 |89Co4Zr7Nb[3.6] -6.5 | 2720 | 0.51
*1:3— NE® : 50Ni50A!, B &50nm : ' (B=OBfIIEnm)

+2: DA T 83 : 94Cr Mo, B2 15nm
*3: EAEBEAEER : 61C022Cr 12P158, B &50nm
*4: SEEEEMEES : 65C017Cr 16P128, BL&25nm
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[0071]
A table 12]
B | BA BB REETICR | ®E |0 1)
FibE 242 | My
em|E|ERE| e |F|REn @R |E
s |& =| (08) & | (Rusnv)

SEHEFI1 |NiA) [50|CrMo| 15|Co22Cr 12Pt58(50| 3050 |92Co4TadZr 15010, 0345 [/BL
KHEFIG8|NiAI |50 |CrMo| 15(Ca22Cr 12Pt58|50| 920 |982Co4TadZr|150(0. 0451 |4L&Y
SEREFI6S|NiAI [50|CrMo| 15{Co22Cr 12Pt58]|50] 1150 [92Co4TadzZr [ 150|0. 0385 &L
SREEFITO[NiIAI[50|Crio} 15{Co22Cr 12Pt5B150| 2100 {92CodTadZr [150]0. 0355 (5L
' (BZ0BfIZnm)

[0072] A table 1 and a table 2 show that the noise figure which was excellent in the hard magnetism film compared with
the example of a comparison which used CoPt and SmCo was obtained in the example which formed the hard
magnetism film 3 within a field which consists of CoCrPtB between the nonmagnetic substrate 1 and the soft
magnetism substrate film 4. Moreover, in the example which used Cr alloy for the substrate film 2, it turns out that the
noise figure which was excellent in the substrate film compared with the example of a comparison which used V was
obtained. By making the saturation magnetization Ms of the hard magnetism film 3 within a field into the range under of
600 (memu/cm3) more than 200 (memu/cm3), and making thickness of the hard magnetism film 3 within a field into the
range of 10nm or more and less than 100nm from a table 3, shows that noise reduction was attained. From a table 4, by
making the magnetization recovery factor of the soft magnetism substrate film 4 or more into 0.85 shows that noise
reduction was attained. From a table 5, by making coercive force square shape ratio S* of the hard magnetism film 3
within a field or more into 0.6 shows that noise reduction was attained. From a table 6, by making saturation magnetic
flux density Bs of the soft magnetism substrate film 4 more than 1T (T or more [ Especially 1.4 ]) shows that record
reproducing characteristics were able to be raised. Moreover, by forming the soft magnetism substrate film 4 thickly,
and making Bs-t into 50 or more T-nm shows that especially excellent record reproducing characteristics were acquired.
A table 7 shows that outstanding record reproducing characteristics were acquired, when the material shown in a table 7
is used for the orientation control film 5. A table 8 shows that outstanding record reproducing characteristics were
acquired, when the material shown in a table 8 is used for the perpendicular magnetic film 6. A table 9 shows that
outstanding record reproducing characteristics were acquired by oxidation of the soft magnetism substrate film 4. From
a table 10, by forming the nonmagnetic interlayer 12 shows that the result of having excelled in respect of record
reproducing characteristics and a heat fluctuation property was obtained. From a table 11, by forming the magnetization
stability film 13 shows that the result of having excelled in respect of record reproducing characteristics and a heat
fluctuation property was obtained. From a table 12, by carrying out coercive force of the hard magnetism film 3 within a
field to more than 1000 (Oe) shows that magnetic-recording data medium excellent in record reproducing characteristics
was obtained. Moreover, by carrying out coercive force to more than 2000 (Oe) shows that the result of having excelled
further was obtained.

[0073]

[Effect of the Invention] If it is in magnetic-recording data medium of this invention as explained above Between a
nonmagnetic substrate and a soft magnetism substrate film, the substrate film within a field and the hard magnetism film
within a field with which the easy axis mainly turned to field inboard are formed. The substrate film within a field It is
what consists of Cr or a Cr alloy. The hard magnetism film within a field Since a CoCrPtX system alloy (one sort or two
sorts or more as which X is chosen from from among B, Ta, Cu, Zr, Nb, Re, nickel, Mn, germanium, Si, O, and N) is
included, the noise which considers the hard magnetism film within a field as a cause can be stopped. Therefore, even
when a soft magnetism substrate film is formed thinly, the increment in a noise can be suppressed. Therefore, by thin-
film-izing a soft magnetism substrate film, productive efficiency can be raised and the noise figure which was moreover
excellent can be obtained.

[Translation done.]
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* NOTICES *

Japan Patent Office is not responsible for any
damages caused by the use of this translation.

1.This document has been translated by computer. So the translation may not reflect the original precisely.
2.¥*** shows the word which can not be translated.
3.In the drawings, any words are not translated.
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Drawing 5]
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[Translation done.]
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